Short-term oxidation studies on a Ti 3 Al-1.34 at. pet.
INTRODUCTION
Intermetallic compounds in the Ti-Al system have received a great amount of attention due to their unique 1 
EXPERIMENTAL PROCEDURE

Materials and Sample Preparation
Titanium rods of 99.999 pet. pure (puratronic grade), aluminum ingots of 99.999 pet. pure (puratronic grade) and niobium rods of 99.99 pet. pure (puratronic grade) were used to prepare the Ti 3 Al-1.34 at. pet. Nb alloy samples. The samples were cut using the sutter saw. The samples were allowed to cool, and then removed from the arc-melter and ground using the grinder to remove any contaminants from the arc-melter tray. After grinding the alloy ingots, weighing about 100 g. I hey were wrapped in zirconium foil and sealed in a quartz tube under vacuum. The quartz capsules containing the samples were heat-treated at 1273 Κ for seven days. After heat treatment the samples were cut using an EDM wire cutting machine. Experimental specimens of the dimensions approximately equal to 5 mm X 5mm X 2 mm were cut from the alloy samples.
The pieces were polished with #240 grit and #600 grit SiC papers and then cleaned ultrasonically in acetone before using for oxidation experiments.
Oxidation Experiments
Isothermal oxidation experiments were conducted using a PerkinElmer® TGA 7 HT apparatus along with a dedicated data acquisition system called Pyris. 
RESULTS AND DISCUSSION
Oxidation Results
The oxidation experiments were conducted on the 
Phase and Microstructure Analysis
Ti 3 Al-1.34Nb alloy specimens were characterized with the aid of Scanning Electron Microscopy (SEM).
Energy Dispersive X-ray (EDX) analysis and X-ray Diffraction (XRD) techniques. XRD technique was used to identify the various phases present in the oxide scale.
After XRD analysis, the samples were mounted on bakelite and polished before examining the oxide morphology under the SEM. EDX spectra revealed the
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amounts of various elements present at different locations of the oxide scales on the oxidized samples.
The products of oxidation were mainly Ti0 2 and AI2O3.
Some peaks of Ti 3 Al were also observed in the XRD patterns of the oxidized specimens at all temperatures of measurements in this study.
Table 1
Comparison of activation energies of oxidation of Ti 3 Al-Nb ternary alloy with some Ti-Al binary alloys. The numbers marked on the image designate the spots at which EDX spectra and relative concentrations (at.
Alloy Activation Energy, kj Reference
pet.) of the elements (titanium, aluminum, niobium, oxygen) were recorded. Figure 4 shows a plot of the elemental concentration as function of distance along the profile markings as shown in the SEM image (Fig.   3 ) starting from the marker labeled as Ί'. It can be seen that oxygen content increases with a corresponding variation in titanium and aluminum contents across the alloy/ oxide scale interface. Figure 5 shows the XRD pattern of the oxidized specimen at 1073 Κ for 24 hours. The scales were not adherent to the specimen after 24
hours of experiment and most of the scale spalled from the specimen after the experiment. Figure 7 shows the XRD pattern of the oxide scale indicating the presence of a combination of both Ti0 2 and A1 2 0 3 and a distinct decrease in the number of Ti 3 Al peaks.
were visible due to the spallation of oxide scale which exposes the base alloy surface.
20, degrees 
Determination of Diffusion Coefficient of Oxygen
An earlier study 1221 clarified that the oxide scale formation on Ti 3 Al binary alloy in pure oxygen was controlled by the inward diffusion of oxygen. Diffusion coefficient of the diffusant (oxygen) in the oxide scales at 1073 Κ was determined using the Valenci equation /ll, 12/. The derivation of the expression to calculate diffusion coefficient of the diffusant in oxide scales was presented elsewhere /ll, 12/. The final expression used to determine the diffusion coefficient of oxygen in the oxide scale of the Ti 3 Al-1.34Nb alloy at 1073 Κ is given as:
where '£)"' is the diffusion coefficient of oxygen in the oxide scale, 'kp is the parabolic rate constant obtained from the normalized weight gain square vs. time plot of the Ti 3 Al-1.34Nb alloy at 1073 Κ, '*"' is the initial thickness of the sample (0.002 m), 'Z 1 is the PillingBedworth ratio expressed as the ratio of volume of products to that of the reactants (1.4146) /ll, 12/, ' Ac 'is the concentration gradient of oxygen across the interface which is calculated from the values of the oxygen profile between the two plateau regions of Fig.  4 , and V is the molar volume occupied by oxygen in the oxide scale.
Diffusion coefficient of oxygen (D 0 ) was calculated to be 2.56X10" 16 m 2 /sec using Eqn. (2) with the knowledge of all other parameters. Table 2 compares the diffusion coefficient of oxygen obtained in this study with those reported in the literature /12/ on the effective diffusion coefficient of oxygen in Ti0 2 . The value obtained in this study is in the same order of magnitude and fits well with the values obtained in a previous study /12/ indicating that the diffusion of oxygen in Ti0 2 is indeed the mechanism for the oxide growth in the present study.
CONCLUSIONS
Oxidation kinetics of Ti 3 Al-1.34Nb alloy exhibited weight gain curve following parabolic law. In comparison to the oxidation behavior of a Ti-32 at. pet. Al alloy reported in a previous study, the present alloy showed better resistance at all temperatures of measurement. Activation energy of 288 kJ was deduced from this study with which is comparable to those available in literature for the oxidation of binary Ti 3 Al alloys. The oxidation products identified in the scales were Ti0 2 and A1 2 0 3 in the temperature range of 1073 to 1373 K. Ti0 2 was the predominant oxide in the scales. The oxidized scale was not adherent to the base alloy even at lower temperatures of measurement. At higher temperatures of measurement the oxidized scale spalled off the specimen indicating non-adherent behavior of the scale. Diffusion coefficient of oxygen in the oxide scale, which is predominantly (Ti0 2 ), was determined to be 2.56X10" 16 m 2 /sec at 1073 K.
